Purpose of Review This review provides an update on the current status of platelet-rich plasma (PRP). Topics covered include the current regulatory environment, economic outlook, and current clinical evidence. Recent Findings The global PRP market is expected to grow to between 380 million and 4.5 billion (USD) over the next 5-10 years. The cost of a single treatment, which is not covered by most insurance, is roughly $500-$2500, with patients often returning for additional treatments. Summary While PRP is not 'FDA-approved', it can be legally offered in the clinic 'off-label' in the USA for a myriad of musculoskeletal indications. Recently published meta-analyses have demonstrated statistically significant improvements that, in some cases, suggest that PRP may have clinically meaningful effects. However, given the fact that clearance is not synonymous with approval, PRP is a costly treatment not covered by insurance, and clinical trials have not demonstrated definitive efficacy, we recommend informing patients when providing PRP 'off-label'.
Introduction

What is PRP?
Platelet-rich plasma (PRP) has seen increased interest and utilization over the past decade, particularly in the field of orthopedics ( Fig. 1) . At its simplicity, PRP is autologous blood with concentrations of platelets above baseline values [1] . Regulatory bodies have established more precise definitions, including the US Food and Drug Administration (FDA), which requires that the blood be collected by a single, uninterrupted venipuncture, centrifuged, and contain at least 250,000 platelets per microliter [2] . PRP categories that are based on the leukocyte and fibrin content of the preparation have also been proposed [3] .
When considering the broader economic context of PRP, it is important to understand that the term 'PRP' is used to refer to broad range of different treatments and that more than 40 commercial PRP systems exist [4] . The final concentration of platelets, leukocytes, and growth factors varies between and within different techniques, as well as between and within patients [5, 6] , and different protocols yield products with different compositions and characteristics [7•, 8•] . This leads to a lack of comparability that has major implications for the PRP market at large. Attempts to affirm or discredit the efficacy of PRP have largely failed, which has spurred numerous low-powered studies that are likely to represent wasted research investment [9] .
How is PRP Produced?
PRP is prepared by a process known as differential centrifugation, which separates the cellular constituents of autologous whole blood based on their specific gravity (Fig. 2) . The process is usually carried out in two phases [4] . In the first phase, a preliminary "soft spin" separates anticoagulated blood into three layers. The upper layers, comprised of mostly platelets and leukocytes, are transferred to an empty sterile tube and the lower layer (mostly erythrocytes) is discarded. The remaining mixture is then subjected to a second spin that further concentrates platelets into a cell pellet that is extracted and homogenized in leftover plasma. A detailed overview of the principles and methods used to prepare PRP can be found elsewhere [8•] .
Treatment heterogeneity can be introduced at every stage of even the most basic PRP protocols. The type of collecting tube used, centrifugation speed, number of steps, and use (or lack thereof) of activating agents, produce PRP preparations of varying volumes, platelet numbers, growth factor content, and residual white and red blood cells [6, 10, 11] . It is not clear how these differences influence PRP's efficacy [8•] . For example, higher concentrations of platelets do not necessarily lead to an enhanced tissue healing effect [12] . The lack of comparability between different treatments is further exacerbated by the failure to characterize PRP and methodological under-reporting in the literature [13] . How Does PRP Work?
The biological complexity of PRP makes firm efficacy conclusion hard to pin down. The therapeutic effects of PRP are largely attributed the "bioactive factors" it contains [14, 15] . While unsatisfyingly opaque, this sort of explanation is not entirely without merit. PRP contains signaling proteins, including growth factors, chemokines, and cytokines, as well as adhesive proteins, proteases, small molecules, and ions that interact with multiple cell types. Endogenous cells within the joint respond to these agents, further contributing to the biological milieu by secreting their own biologically active molecules [7•] .
The beneficial biologic effects of PRP are most commonly associated with the high concentration of growth factors it contains. However, many of these growth factors are pleiotropic and the same growth factor may provide benefits to one tissue, while having deleterious effects on the surrounding tissues [15] . Moreover, growth factor signaling alone cannot account for the biological response to PRP, suggesting that additional mediators play an important role [7•] .
Is the Use of PRP for Musculoskeletal Indications Safe?
One of the few aspects of PRP that is reasonably well understood is its safety profile. Adverse events associated with PRP, including pain and stiffness, tend to be similar to comparative treatments (or only slightly increased [16, 17] ), and recent meta-analyses have shown that severe adverse events attributable to the treatment are almost never reported [18•, 19] . While some in the transfusion medicine community have expressed discomfort with the widespread, unregulated use of PRP in musculoskeletal medicine [20] , no compelling evidence of systemic effects resulting from locally administered PRP have been demonstrated [7•, 21] .
PRP in Musculoskeletal Medicine
Regulatory Overview
Title 21 United States Code of Federal Regulations Part 1271 (21 CFR 1271) governs transplantation of human cells, tissues, and cell and tissue-based products (HCT/Ps). HCT/Ps are "articles containing or consisting of human cells or tissues that are intended for implantation, transplantation, infusion, or transfer into a human recipient" [2] and, unless they qualify for a 361-product exemption, require premarket approval (PMA) before they can be sold commercially in the USA. In contrast, products regulated solely under Section 361 of the Public Health Service Act follow a different regulatory pathway, which requires animal studies and clinical trials [22•] .
Is PRP Approved?
Much of the confusion surrounding the regulation of biologic drugs stems from the FDA's tiered, risk-based approach. However, PRP is a particularly special case because, despite being a biologic drug, PRP is not considered a HCT/P [23] . PRP is regulated by regulating the device used to manufacture it and the wide-range PRP systems that are currently available have been brought to market using the 510(k) pathway [22•] . The 510(k) pathway "clears" products that are "substantially equivalent" to an already cleared predicate device [24] . In the case of PRP, the original predicate device is a platelet and plasma separator that produces PRP that is intended to be mixed with bone graft materials to enhance handling properties [25] , or in the case of PRP gel, to 'maintain moisture in a wound [26] . In other words, PRP has been cleared for use as a sticky substance and PRP gel has been cleared for use as a wet substance.
FDA clearance allows PRP to be used for a wide range of different orthopedic indications [15, 27, 28] . However, clearance is not synonymous with approval for a specific indication [22•] . As such, most of the PRP treatments offered for musculoskeletal indications are considered 'off-label' use, which transfers liability from the manufacturers of the device to the individual providing it [20] .
While off-label treatments (including PRP) are not FDAapproved, it is important to understand that their use of offlabel drug is not necessarily improper or illicit. Indeed, offlabel prescriptions account for roughly half of all prescriptions written today [29] , and the off-label use of certain drugs is well-accepted within standards [30] . However, within the broader economic context of PRP, it is also important to understand that off-label use is not necessarily supported by sound scientific evidence and has the potential to drive up healthcare costs [29, 31] .
Production Cost and the Global Market
Because PRP is not covered by insurance, the production and treatment costs are hard to pin down. Growth estimates by various market research and consulting agencies have estimated that the global market will grow to between 380 million and 4.5 billion (USD) over the next 5-10 years [32] [33] [34] . A 2009 review by Hall et al., estimated that the one-time preparation cost per syringe was roughly $150 [1] . However, Hall was quick to point out that the cost is dependent on both the distributing company and on institutional relationships and, in a more recent review, the price per kit was found to vary more widely (range: $50-$500 USD) [35] It is important to understand that the aforementioned costs do not include the indirect costs of the centrifuge, clinic staff, or facilities. This is particularly important given the constraints of the Current Procedural Terminology (CPT) code that is used for PRP injections. In 2010, PRP was given the category III CPT code, '0232T'-a temporary code used for emerging technologies, services, and procedures [21] . This code does not apply to PRP injections that are given during the course of surgical procedures, but should be used in standalone cases, such as in the office, ambulatory surgical center, or outpatient facility [36] . Because the code encompasses a number of the procedures that support the actual injection, including the bloodwork, harvesting, preparation, and imaging guidance [21] , these procedures cannot be billed separately. Moreover, the existence of a CPT code does not mean that payers/carriers reimburse the service. In fact, most payers/ carriers have internal policies of non-coverage for PRP-type services [36] . Within these constraints, costs are passed directly onto patients.
Out of Pocket Cost to Patients
There is insufficient data to perform a cost-benefit analysis of PRP in the USA for musculoskeletal pathology, although it has been estimated that the cost of a single PRP treatment in Europe is approximately twice as much as a corticosteroid treatment [37] . Based on the clinical experience of the authors, the average cost of a single PRP injection is roughly $750 (range: $300 to $2500), not including the initial consult, which usually costs over $200. The number of injections recommended to patients varies widely, with most clinics recommending 2-3 injections. While far from a definitive estimate (and also likely influenced by regional factors), these numbers are consistent with other informal estimates, which have pegged the out-the-door cost for a PRP procedure at roughly $500-$2500 [21, 36] .
What Does the Clinical Data Tell Us?
Overview
Even among high-level studies, PRP clinical trials tend to be underpowered, averaging fewer than 30 patients (control and treatment groups combined) [18•] . However, in recent years several meta-analyses have been published (Table 1) . While these meta-analyses cannot tell us if a particular PRP treatment works, they are beginning to shed light on the field more broadly. The following sections highlight notable metaanalyses that have been published in recent years. To provide additional context, we discuss these findings in the context of a clinically meaningful change.
Tendon and Ligament Injury/Pathology
A recent meta-analysis published by Chen et al. [18• ] assessed the ability of PRP to reduce pain in patients with tendon and ligament injuries. They found that patients treated with PRP had significantly less pain, as determined using the 10-point visual analogue scale (VAS), at final follow-up (weighted mean difference [WMD]: − 0.84; 95% CI, − 1.23 to − 0.44; P < .01). While these results seem promising at the outset, the magnitude of the difference suggests that, even among patients who improve, the potential benefits of PRP may not be clinically meaningful [38, 39] . A recent review published by Hurley et al. included many of the studies from Chen's work and focused exclusively on the rotator cuff [40] . They found that patients treated with PRP had lower VAS scores at final follow-up (− 0.22 [95% CI, − 0.37 to − 0.06]; P < .05). These findings were even less favorable than those reported in the rotator cuff subset analysis of Chen's work, which found that the weighted mean difference at final follow-up was − 0.53 (95% CI, − 0.98 to − 0.09; P = .02).
PRP has demonstrated perhaps the most promising results for lateral epicondylitis (LE). A 2017 meta-analysis published by Mi et al. comparing platelet-rich plasma (PRP) to corticosteroids found that PRP offered significant improvements over corticosteroids after 6 months (10-point VAS-pain: − 1.60, [− 1.97 to − 1.22]; P < .001) [17] . These findings were similar to those reported in the LE subset analysis of Chen's work, which found improvements of − 1.14 (− 1.85 to − 0.43, P < 0.01) in VAS up to 6.5 months. Additionally, the subset analysis of LE patients in Chen's work found longer-term improvements (> 1 year) of − 1.39 ([− 2.49 to − 0.29]; P = 0.01) [18•] . Overall, these findings suggest that PRP may provide an "appreciable" reduction in LE-associated pain for a number of patients [41] . However, given the intrinsic lack of comparability between different PRP treatments, it is not possible to make definitive judgements at this time.
Articular Cartilage
The limited regenerative capacity of articular cartilage [42, 43] and need for non-surgical treatment alternatives [44] have spurred a number of clinical investigations into the efficacy of PRP and other autologous cell therapies for the treatment of osteoarthritis (OA) [45] . A 2013 review by Khoshbin et [46] . With respect to some of the most commonly cited values for minimal important change (MID or MCID) for WOMAC (total change: 9.1 [47] , 15 [48] ; percent change: 17-22% [49] ), these differences are particularly notable.
PRP has produced less favorable results in patients with hip OA than it has in patients with knee OA. In a paper evaluating the effectiveness of HA compared to other intra-articular injections, Leite et al. found that the mean differences in the VAS scores at 6 and 12 months were only 1.0 [95% CI, − 1.5 to 3.50] and .81 [95% CI, − 1.11 to 2.73], respectively, which leads the authors to conclude that there is very low evidence that PRP is superior to HA for pain [50] . Leite's conclusions stand in sharp contrast with those made by Khoshbin's and Kanchanatawan's [16] . The difference could be due to biological differences between the pathologies themselves or the fact that Leite's analysis only included 3 studies.
Other Musculoskeletal Indications
There is less evidence to support the use of PRP for other musculoskeletal indications. Grassi et al. performed a meta-analysis of randomized, controlled trials investigating the use of PRP for acute muscle injuries [51] . Patients treated with PRP showed a significant improvement in return to sport (the outcome with the most robust data reporting). However, when they excluded non-blinded studies, the difference was no longer significant, which leads the authors to conclude that there is little-to-no evidence that treatment with PRP results in significant differences in pain, function, healing, or strength.
More heterogenous meta-analysis evaluating PRP for musculoskeletal indications have also been published. Sheth et al. performed meta-analysis of randomized controlled trials and prospective cohort studies for 'orthopedic injuries' broadly [52] . They found no differences in VAS between the treatment and control groups. Another recently published, highly heterogenous meta-analysis looked at the benefits and harms of 'platelet-rich therapies' for treating 'musculoskeletal soft tissue injuries' [53] . Data pooled from four trials showed a small reduction in shortterm pain (VAS) favoring PRP (MD − 0.95, [95% CI − 1.41 to − 0.48]); however, the evidence was characterized as being of 'very low quality' by the authors and they did not find significant differences between the functional scores of patients treated with PRP at the short-term (up to 3 months), medium-term (6 months), or long-term (1 year) follow-up. 
Conclusions and Recommendations
Three key factors are often associated with the high demand for PRP and similar blood derived products: (1) its scientific underpinnings, (2) the ease and relative non-invasive nature in which it can be obtained, and (3) its well-established safety record [7•] . As this article has discussed, these 3 factors are indeed important aspects driving the current PRP market. However, the hopes of patients, critical need for new therapies, and persuasive advertising are also likely to be factors driving the global market for PRP [54] . In a review of the current use and regulatory underpinnings of PRP, Beitzel et al. share their approach [22] . They recommend (1) discussing the treatment and the regulations extensively with the patient, (2) letting the patient know that there is no guarantee that the PRP injection will provide relief, (3) encouraging patients to discuss PRP with their family and primary care physician, and (4) collecting quality care information, including adverse events. Overall, these are excellent recommendations. However, we do not agree with the author's decision to highlight the fact that PRP devices are "cleared" for safe and effective processing of PRP when discussing the treatment with patients. Clearance has very specific and technical meaning that is likely to be misinterpreted by patients. Indeed, even among clinicians, FDA clearance is often misconstrued as FDA approval. Given that PRP is not covered by insurance and clinical trials have not demonstrated clear and definitive efficacy, we believe that it is more appropriate to highlight the fact that the treatment is being provided to the patient 'off-label' based on what the practitioner believes is in the patient's best interest (Table 2) .
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Human and Animal Rights and Informed Consent This article does not contain any studies with human or animal subjects performed by any of the authors. -PRP is biologic but is not subject to the same regulatory scrutiny as most other biologic products -The vast majority of PRP treatments are offered 'off-label' -The global PRP market is expected to grow to between $380 million and $4.5 billion (USD) over the next 5-10 years -PRP is not covered by most insurance and the out-of-pocket cost to patients is roughly $500-$2500 per treatment, with patients often receiving multiple treatments Recommendations: -Adequately powered studies aimed at showing clinically meaningful improvement are needed. Further investment in low-powered studies is likely to represent research waste -When PRP is administered for unapproved indications, practitioners should inform patients that the treatment is being administered 'off-label' based on their provider's professional medical opinion Future outlook:
-Encouraging preliminary results suggest that PRP may be an effective treatment alternative for specific indications under certain conditions -Improved reporting and study methodology will allow PRP formulations to be refined, which may improve efficacy.
